1. Acute chloride depletion, without sodium depletion, was produced in rats by a single exchange peritoneal dialysis against sodium bicarbonate solution. Blood volume was restored after dialysis by infusion of salt-free albumin, and exogenous deoxycorticosterone and antidiuretic hormone were given.
Introduction
Recent studies on isolated rabbit renal tubules in vitro have suggested that sodium chloride reabsorption in the thick ascending limb of the loop of Henle may be primarily dependent on active chloride transport (Rocha & Kokko, 1973 ; Burg & Green, 1973) and, therefore, the possibility that chloride depletion per se may impair the efficiency of renal absorption of filtered sodium and water. We have shown in balance studies in rats on a low salt diet that the acute selective chloride depletion produced by a single exchange peritoneal dialysis led to an inappropriate loss of sodium and water in a period of 3 days immediately after dialysis (Khanh & Luke, 1976) . This negative balance for sodium and water was attributed to effects of chloride depletion on renal sodium and water reabsorption. However, in these balance studies, the filtered load of sodium was not measured, variation in rates of endogenous antidiuretic hormone and mineralocorticoid 'hormone production could not be excluded, and the nature of the anions accompanying the natriuresis was not studied. To examine these points, acute clearance studies were performed on anaesthetized rats, in which acute chloride depletion was produced by dialysis as before, and in control animals subjected to dialysis without chloride depletion. A significant increase in the fraction of filtered sodium load excreted (FEN.) was observed in the experimental group.
& Luke, 1976) , rats were prepared in individual metabolic cages on a low salt diet for 10 days before the clearance studies in order to establish renal conservation of sodium and chloride. In all studies food was withdrawn 14 h before dialysis but free access to water was continued; in some experiments, base-line urine samples were collected over this 14 h period.
Rats were anaesthetized before dialysis with sodium pentobarbital (5 mg/100 g body weight) and dialysis was performed as previously described (Khanh & Luke, 1976) , except that aqueous deoxycorticosterone acetate (0-5 mg; Consolidated Midland Corp.) was given intramuscularly 24 h before and again at the start of the experiment and Pitressin tannate in oil (250 munits; Parke Davis) was injected intramuscularly just before dialysis. Animals were weighed before and after dialysis and at the end of the experiment. All experiments were done in pairs so that one experimental and one control animal were studied simultaneously. Control animals were dialysed against a solution of glucose (840 mmol/l) containing NaCl (150 mmol/l) and KHCO, (4 mmol/l) and the experimental group against the same glucose solution containing NaHC03 (150 mmol/l) and KHCOl (4 mmol/l).
Tail-blood packed cell volume was measured before and after dialysis to estimate plasma volume contraction. At the end of dialysis, a femoral vein was catheterized with PE50 tubing. Salt-free bovine plasma (Sigma Chemical Co.) was given in a dose of 1 ml per 1 % rise of the packed cell volume to correct for any volume deficit (this dose was determined in previous experiments by systematically measuring packed cell volume in tail blood before and after dialysis and immediately after plasma infusion to correct the volume to the predialysis value). clearance studies were then performed by infusing a solution of mannitol (50 g/l) in water, at a rate of 0.09 ml/min for 75 min, followed by a rate of 0.18 ml/min for a further 75 min; the first 15 min at each infusion rate was treated as an equilibration period before a 60 rnin clearance study. It has previously been established that the rat kidney continues to conserve sodium even in the presence of a marked mannitol osmotic diuresis (Malnic, Klose & Giebisch, 1966) .
Two separate experiments were performed. In Expt. 1. two groups of nine male SpragueDawley rats, weighing respectively 260 (SEM 5) and 257 (SEM 6) g, were subjected to dialysis as 
Laboratory methods
These were as previously described (Khanh & Luke, 1976) 
Results
Water and electrolyte balance for dialysis for both Expt. 1 and Expt. 2 shows the expected chloride depletion in the experimental groups and, in both cases, dialysis in the experimental groups led to a more negative sodium and water balance than in the control group (Table 1) . Thus greater sodium excretion in the experimental group would not be expected on the basis of the sodium and water balance. At the end of the clearance periods and mannitol infusion in both experiments, hypochloraemic metabolic alkalosis was still present in both experimental groups and hyponatraemia had developed to the same extent in experimental and control groups ( Table 2) . 
Experiment 1
After dialysis, control rats received 3.4 (SEM 1) ml of salt-free albumin and experimental rats received 3.8 (SEM 1, P< 0.7) ml. The packed cell volumes did not differ in the two groups and were 49 (SEM 2) % before dialysis, 52 (SEM 2) % after dialysis but before albumin infusion, and 39 (SEM 3) % at the end of the experiment in control rats and 49 (SEM l), 52 (SEM 1) and 37 (SEM 2) % respectively in the experimental rats.
Before the start of mannitol infusion, plasma sodium was 1 3 5 (SEM 1.3) mmol/l in control rats and 1 3 4 (SEM 1.8) mmol/l in the experimental group. During mannitol infusion, these values fell progressively but there was no significant difference between the two groups throughout the experiment. Immediately after dialysis and albumin infusion, plasma chloride was 1 0 6 (SEM 0.8) mmol/l in control rats and 86 (SEM 2.0; P < 0 . 0 0 1 ) mmol/l in the chloride-depleted group. A significant and similar difference in plasma chloride persisted throughout the mannitol infusion ( Table 2) .
There were no differences in inulin clearance between the two groups (Fig. 1) . Thus filtered load of sodium was the same in both control and experimental groups throughout the experiment. Despite this, there were significant increases in absolute (Table 3 ) and fractional ( Fig. 2) sodium excretion in the chloridedepleted rats. Analysis of FEN. by a split-plot design (Kirk, 1968) showed a significant overall increase in experimental as compared with control rats (P<O.Ol). The increase in sodium excretion was due to an increase in both sodium concentration (Fig. 3 ) and urinary flow rates ( Table 5) . In control rats, urinary sodium concentration fell during mannitol infusion to values similar to that of chloride but remained higher throughout in the experimental group (Fig. 3) . Absolute urinary chloride excretion ( Table 3 ) and urinary chloride concentrations (Fig. 3) were similar in the two groups. A significant increase in urinary potassium excretion also occurred in the experimental group (Table 3) . Urinary pH was not different in the two groups throughout the experiment ( Table  3) . The natriuresis and kaliuresis seen in the experimental group was not associated with any significant increase in urinary osmolar output ( Table 5) .
Experiment 2
Control rats received 2.6 (SEM 0.5) ml of albumin solution and experimental rats 3.8 ( -) and experimental (---) rats. Period 0 is overnight urine collection before the acute study. NS = not significant (P< 0.3).
potassium excretion. The major increase in urinary anion accompanying this increase in cation excretion was 'unmeasured anion' ( Table   4 ).
Renal excretion of water
Despite the administration of antidiuretic hormone, urinary volumes were higher in the chloride-depleted rats in both experiments ( Table 5 ). TEv.ter was significantly (Table 5 ) less in the chloride-depleted group in Expt. 2, but not so in Expt. 1. Although there was a reduction in papillary chloride in experimental rats, no significant reduction in papillary sodium concentration was observed (Table 2) .
Discussion
These clearance studies immediately after peritoneal dialysis have shown impaired renal sodium conservation in acutely chloridedepleted rats which were previously on a low salt diet. Results in the control rats confirm the ability of the salt-deprived rat to continue to excrete very low concentrations of sodium despite the presence of the mannitol diuresis (Malnic et a/., 1966) . The studies demonstrate that the abnormality in renal tubular sodium handling is not related to variations in filtered sodium load, external sodium balance, mineralocorticoid hormone or secretion of antidiuretic hormone, or to an osmotic diuresis. We also attempted to assure that there were no major differences in the blood volumes of the animals during the clearance periods. Taken with the natriuresis seen in conscious rats during balance studies for 36 h after dialysis (Khanh & Luke, 1976) , these findings suggest that chloride depletion, or some secondary effects of chloride depletion on the kidney, impose limitations on the ability of the rat nephron to conserve sodium.
During, but not after, depletion of chloride by gastric aspiration in the dog, there is a slightly negative sodium balance (Needle, Kalayonides & Schwarz, 1964) . However, sodium intake, given as neutral phosphate, was low and sodium balance was not determined in control animals receiving the same low sodium phosphate intake but without chloride depletion. Cohen, Chazan & Garella (1970) infused sodium bicarbonate and then hydrochloric acid into dogs with chloride depletion and metabolic alkalosis, and into control dogs, and showed in both instances that sodium excretion diminished as hypochloraemia was corrected, although it diminished to a lesser extent in the dogs without chloride depletion. Cohen et al. (1970) suggested that the natriuresis was seen after sodium bicarbonate because of diminished proximal tubule reabsorption of sodium bicarbonate, which was less well absorbed than sodium chloride in the distal nephron; infusion of HCl allowed sodium to be reabsorbed as sodium chloride at that site.
In our experiments we have examined the anions accompanying the increased urinary excretion of sodium and potassium in the chloride-depleted rats. The kaliuresis has been observed previously in these circumstances (Schwartz, Van Ypersele de Strihou & Kassirer, 1968; CIapp, Rector & Seldin, 1962) and suggests that impairment of sodium reabsorption substantially took place proximal to the potassium secretory sites in the distal tubule. Because of the possibility that alkalosis, produced by dialysis against sodium bicarbonate, reduced ionized plasma calcium and, thereby, led to increased parathormone release and a primary phosphaturia, urinary phosphate concentrations were measured and no difference between control and experimental groups was found.
The impaired free water reabsorption in the chloride-depleted rats also supports the hypothesis than an important site of impaired sodium reabsorption in these rats is in the ascending limb of the loop of Henle. Wallin, Barrett, Rector & Seldin (1973) found a diminished free water reabsorption during mannitol infusion in chloride-depleted rats and concluded that sodium chloride but not sodium bicarbonate was readily reabsorbed in the ascending limb of the loop of Henle. A substantial fraction of filtered sodium is normally reabsorbed in the loop of Henle and this absorption is dependent, at least in part, on active chloride transport (Giebisch & Windhager, 1973; Rocha & Kokko, 1973; Burg & Green, 1973) . Thus chloride depletion and/or hypochloraemia could result in diminished sodium reabsorption. Although papillary chloride concentrations were less than in control rats, we were unable to detect a significant lowering of sodium measured in whole papillae in these rats. However, papillary sodium concentrations were low in both groups, probably because of medullary wash-out during mannitol infusion (Gennari & Kassirer, 1974) . Thus these chloride-depleted rats have a defect in sodium conservation which is unexplained by other factors normally influencing sodium excretion. This defect may be at least in part due to impaired sodium transport in the loop of Henle. If this is the mechanism responsible for the natriuresis, then increased delivery of sodium from the loop was not fully reabsorbed in the distal tubule and collecting duct, which may not be able to increase their reabsorptive capacity adequately in the face of increased load (Giebisch, Klose & Windhager, 1964; Landwehr, Klose & Giebisch, 1967) , especially during osmotic diuresis (Gennari & Kassirer, 1974; Khuri, Wiederholt, Strieder & Giebisch, 1975) .
These acute experiments do not differentiate between the effect of chloride depletion and of diminished chloride concentration in the glomerular filtrate. Filtered chloride was clearly reduced in the chloride-depleted rat in these experiments, since glomerular filtration rate was the same as, and plasma chloride was lower than, that of control rats. However, the balance experiments of Khanh & Luke (1976) suggest that plasma chloride concentrations may also influence loop function even when there is no change in external chloride balance. It is possible that either delivery of diminished amounts of chloride and/or of fluid containing chloride at a reduced concentration may impair sodium absorption in the loop, and further studies will be required to resolve this issue.
